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POWER CONVERTER SYSTEM AND METHOD 
BACKGROUND 

[0001] The invention relates generally to power supply systems and more 
specifically to a system and method for a power converter to supply fault currents 
without over-rating. 

[0002] Many devices, such as power supply systems, operate on power drawn from 
generators. The generator, in tum, draws power from systems such as wind turbines, 
gas or diesel-driven engines, turbines, or any other suitable drive system. Converter 
systems are usually designed to draw power from the generator and to provide the 
power either to a fixed frequency power grid or at a desired frequency to various 
loads. In other applications, such as motors, power converters are designed to draw 
power from a grid and provide the power to the motor. 

[0003] In some applications, when there is a failure at the load, the converter 
systems are required to provide fault currents to the load for several cycles of the 
fimdamental voltage. Typically, the fault current is of relatively high value. The fault 
current is provided to ensure the timely protection of the load. In most power 
electronic applications, the time interval required by the protection system to respond 
amounts to steady state operation for the power electronic equipment. 

[0004] In order to withstand high fault current, such converters are often over- 
rated. Over-rating the converter system results in bulky and oversized converter 
systems due to larger size of devices and thermal management system, passive 
components like dc-link capacitors and filter inductors. In addition, the increase in 
components also results in an increase in the cost of the converter system. 

[0005] Another requirement of converter systems is to comply with standards of 
harmonic injections or perturbations to the system to which power is applied (e.g. a 
power grid). The switching frequency of most converter systems is limited to a few 
hundred hertz, resulting large harmonic distortion. The harmonic distortion can be 
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corrected by using a filter comprising large passive components. However, this again 
results in making the converter system bulky and heavy. 

[0006] Therefore, there is a need to design a compact and cost effective converter 
system for withstanding high fault currents during fault conditions and effectively 
filtering harmonic components. 

BRIEF DESCRIPTION 

[0007] Briefly, in accordance to one embodiment of the invention, a power system 
for supplying power to a load is provided. The power system comprises a converter 
system comprising a first converter and a second converter. The converter system is 
configured for operating in a first mode and a second mode. The first converter and 
the second converter are configured to be coupled in series during the first mode and 
in parallel when operating in the second mode 

[0008] In a fiirther embodiment of the invention a power system for supplying 
power to a load is provided. The power system comprises a converter system 
comprising a first converter and a second converter. The converter system is configured 
for operating in a normal mode and a fault mode. The first converter and the second 
converter are configured to be coupled in series during the normal mode and in 
parallel during the fault mode. The power system fiirther comprises a transformer 
having a primary winding comprising a normal winding and a fault winding. The 
normal winding is coupled to the converters during the normal mode. The normal 
winding and the fault winding are coupled to the first converter and the second converter 
during the fault mode. The system fiirther comprises a switching circuit coupled to the 
transformer and configured to couple the fault winding to the first converter and the 
second converter, and a sensing circuit coupled to the switching circuit and configured 
to sense an electrical parameter of the transformer. In addition, the system fiirther 
comprises control circuitry coupled to the sensing circuit and the switching circuit and 
configured to change a state of the switching circuit based on the sensed electrical 
parameter. 
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[0009] In another embodiment of the invention a method for supplying power to a 
load is provided. The method comprises sensing an electrical parameter and coupling a 
first converter and a second converter in series during a normal mode and in parallel 
during a second mode. 

[0010] In a further embodiment, a method for supplying power to a load is 
provided. The method comprises applying power to a transformer via a first converter 
and second converter electrically coupled in series with one another. The method 
fiirther comprises sensing an electrical parameter and generating a control signal based 
on the sensed electrical parameter. In addition, the method comprises applying the 
control signal to a switching circuit configured to switch the first and second converter to 
an electrically parallel configuration. 

DRAWINGS 

[0011] These and other features, aspects, and advantages of the present invention 
will become better understood when the following detailed description is read with 
reference to the accompanying drawings in which like characters represent like parts 
throughout the drawings, wherein: 

FIG. 1 is a block diagram of one embodiment of a power system 
implemented according to one aspect of the invention; 

FIG. 2 is a detailed diagram of a power system shown in FIG.l implemented 
according to one aspect of the invention; 

FIG, 3 is a circuit diagram of one embodiment of the converter system and 
associated circuitry implemented according to one aspect of the invention; 

FIG. 4 is a diagrammatical view illustrating an example transformer 
configuration implemented according to one aspect of the invention; 

FIG. 5 is a phasor diagram illustrating the various currents in the primary 
winding and the secondary winding of a transformer; and 
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FIG. 6 is a flow chart illustrating one method for supplying power to a load. 
DETAILED DESCRIPTION 

[0012] FIG. 1 is a block diagram of one embodiment of power system 10 
implemented according to one aspect of the invention. Power system 10 is configured 
for supplying power to a load. Examples of load include grid, motors, resistive loads, 
etc. 

[0013] A wind turbine 12 is configured for converting wind energy to mechanical 
energy. Wind energy is captured by the rotation of the wind turbine's blades. The tips 
of the blades travel at a speed ranging typically from about 50 m/s to 70 m/s. 
Mechanical power generated by the blades is transferred to a transmission system (not 
shown), which typically has an input of 20-50 rotations per minute (rpm) from a low- 
speed shaft attached to the blade and an output of 1000-1500 rpm for a high-speed 
shaft that is coupled to generator 14. 

[0014] Generator 14 comprises rotor 16 and stator 18, respectively, and is 
configured for generating a variable frequency output power. Rotor 16 typically 
comprises magnetic elements and is configured to provide an electro-magnetic field. 
Stator 18 is coupled to a shaft that is in motion due to the rotational motion of the 
wind turbine. Due to the motion of the stator, the electro-magnetic field is cut and a 
corresponding altemating current is produced. The altemating current is provided to 
converter system 22. 

[0015] Converter system 22 is configured for converting the variable frequency 
output power received fi-om generator 14 to a constant fi-equency output power. 
Typically, the constant firequency ranges between 49-60 Hertz. Converter system 22 is 
configured for operating in a first mode and a second mode. Converter system 22 
comprises a first converter and a second converter configured to be coupled in series 
during the first mode, and in parallel when operating in the second, sometimes referred 
to herein as the fault mode. During the first mode the converter system is configured 
for supplying less current at a higher voltage, and during the second mode a higher 
current at a lower voltage. 
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[0016] It should be noted that the wind turbine system shown and described herein 
is discussed for exemplary purposes only. Many other types of power generation 
systems can be envisaged for providing power to the downstream circuitry described 
below both during first or normal modes of operation, and second, special or fault 
modes. Similarly, as will be appreciated by those skilled in the art, the particular 
circuitry needed for conversion of the output of such power generation equipment 
may vary, particularly depending upon the electrical characteristics of the output 
power (e.g. voltage, current and frequency). 

[001 7J Transformer 24 comprises two windings, namely a primary winding and a 
secondary winding. The primary winding and secondary winding will be illustrated and 
described in detail with reference to Fig. 2. The primary winding comprises a normal 
winding and a fault winding. The converter is coupled to the normal winding when 
operating in the first mode, and to the normal winding and the fault winding when 
operating in the second mode. 

[0018] In a further embodiment, converter system 22 further comprises a third 
converter coupled to the fault winding of the transformer. Where provided, the third 
converter is configured to sense harmonic currents in the normal winding when the 
first and second converter is operating in a normal mode, and to induce a current 
equal in magnitude to the harmonic current but of the opposite phase. Thus the 
harmonic current is canceled and the output at the secondary has minimum 
harmonics. 

[0019] In one embodiment, the third converter is rated at a fraction of the first 
converter. In addition, the third converter is configured for switching at high frequencies 
in the order of 5-10 KHz. The third converter is further coupled to generator to meet 
various application needs. In the illustrated embodiment, the third converter is 
coupled to the generator to provide a torque for a controlled rotation of the prime- 
mover to specific angular positions during assembly of the wind turbine blades or 
during maintenance. 
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[0020] In another embodiment, third converter is configured for providing power to 
a gas-turbine generation system for achieving a controlled start-up. When the 
generator gains a certain speed, the third converter is disconnected fi-om the machine 
terminals and the gas-turbine is fired to further accelerate the generator to its rated 
speed. 

[0021] Sensing circuit 26 is coupled to the transformer 24 and is configured to sense 
an electrical parameter of the transformer. In one embodiment, the sensing circuit is 
configured to sense the electrical parameter at the secondary winding of the transformer. 
In a fiirther embodiment, the sensing circuit is configured to sense the electrical 
parameter at the secondary winding of the transformer. The electrical parameter 
includes current and/or voltage. 

[0022] Control circuit 28 is configured to change the operation of the converter 
system 22 based on the sensed parameter. When the sensed parameter is beyond a 
threshold value, control circuitry 28 is configured for providing control signals to 
switching circuit 30. Switching circuit 30 is configured for coupling the converters in a 
parallel configuration in response to such control signals, and for restoring the converters 
to a series configuration for retum to the first or normal mode of operation. Switching 
circuit 30 is further configured for coupling the fault winding to the converter system. 
The converter system thus works in a second mode if the sensed electrical parameter is 
beyond a threshold level. The converter system 22 is described in further detail below 
with reference to Fig. 2. 

[0023] Fig. 2 is a detailed diagram of a power system shown in FIG.l implemented 
according to one aspect of the invention. Converter system 22 is shown comprising 
rectifier 32, first converter 34, second converter 36 and third converter 46 
respectively. Rectifier 32 is configured to rectify an input alternating current received 
from the generator 14. The rectified output is provided to converters 32, 34 and 46 
respectively. Other ancillary circuitry may, of course, be provided where appropriate, 
such as circuitry for filtering, stabilizing or otherwise conditioning the output of the 
rectifier. It should also be noted that the converters may function under the control of 
the control circuitry 28 for their normal operation in synthesizing the desired output 
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waveforms, or other, separate control circuitry may be provided for this purpose. As 
will be appreciated by those skilled in the art, the control circuitry will operate by 
changing the conductive state of switches within the converters, described in greater 
detail below, to produce the output waveforms, typically pulse-width modulated 
waveforms at desired frequencies (e.g. as needed for a load, or matching the 
frequency of a grid to which power is applied). 

[0024] First converter 34 and second converter 36 are each coupled to primary 
winding 38 of transformer 24. Primary winding 38 comprises a normal winding 40 
and a fault winding 42. The normal winding 40 is coupled to the fault winding 42 via 
switch 44. When operating in a normal mode, converters 34 and 36 are each coupled 
to the normal winding 40 of the transformer. In addition the first and second 
converters are coupled to each other in series when operating in the normal mode. In 
a further embodiment, the first and second converters comprise a rating of 
approximately half of a nominal power rating of the power system. 

[0025] In one embodiment, when the first and second converters are working in 
normal mode, the normal winding of the primary winding is coupled to the first and 
second converters. The transformer has an open winding secondary receiving power 
from both the converters 34 and 36 from both ends, resulting in a multilevel 
waveform. The resulting switching frequency across the secondary winding is twice 
the switching frequency of first converter 34 and second converter 36. In a more 
specific embodiment, both converters are operated in current control mode. 

[0026] Third converter 46 receives rectified output from rectifier 32. When 
operating in the normal mode, the third converter 46 is coupled to the fault winding 
42 of the transformer via switch 48. In one embodiment, the third converter is 
coupled to the mid-point 50 of the fault winding 42 via switch 48. In one 
embodiment, the switch 48 is implemented using single-pole double, throw-switch. 
Other switch configurations may, of course, be provided for interconnecting the third 
converter and the transformer winding. 
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[0027] The third converter is configured for sensing harmonic currents in the 
normal winding, when the first and second converter is operating in a normal mode. 
The third converter is configured to induce a current equal in magnitude to the 
harmonic current but of the opposite phase. The harmonic currents are effectively 
canceled thus precluding or reducing application of such harmonics to the load or grid 
to which the transformer is coupled. 

[0028] In addition, the third converter is fiirther coupled to generator to meet 
various application needs. In the illustrated embodiment, the third converter is 
coupled to the generator to provide a torque for a controlled rotation of the prime- 
mover to specific angular positions during assembly of the wind turbine blades or 
during maintenance of the wind turbine. 

[0029] In another embodiment, the third converter is configured for providing 
power to a gas-turbine generation system for achieving a controlled start-up. When 
the generator gains a certain speed, the third converter is disconnected fi-om the 
machine terminals and the gas-turbine is fired to fiirther accelerate the generator to its 
rated speed. 

[0030] Sensing circuit 26 is configured for sensing an electrical parameter of the 
transformer 24 or of the circuitry coupled to the transformer. When the electrical 
parameter exceeds a threshold value, the converter system operates in a fault mode. 
The control circuitry receives signals fi-om the sensing circuit 26 and provides control 
signals to switching circuit 30. The switching circuit is configured to couple the 
converters 34 and 36 in parallel when the converter system is operating in the fault 
mode. In addition, the switch 44 is coupled the fault winding 42 to the normal 
winding 40, Thus, the normal winding and the fault winding are coupled to the 
converters 34 and 36, respectively, when the converter system is operating in the fault 
mode. A more detailed description of the converter system and associated circuitry is 
provided below. 

[0031] Fig. 3 is a circuit diagram illustrating an exemplary manner of implementing 
converter system 22 and associated circuitry according to one aspect of the invention. 
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As illustrated in Fig. 3, the rectifier 32 receives a variable frequency output power 
from generator 14 on output terminals 54, 56 and 58. Rectifier 32, in the illustrated 
embodiment, is a three-phase rectifier circuit and is implemented using diodes 80. 
Rectifier 32 comprises three legs, each leg comprising two diodes connected in series. 
Each output terminal of generator 14 is coupled to a corresponding leg of the rectifier. 
At any instant of time, only one diode from each leg is active (i.e. conducting). Thus, 
the output of the generator is rectified and dc-link capacitors 62, 64 and 66. It may be 
noted that rectifier 32 maybe implemented using insulated gate bipolar transistors, 
insulated gate controlled thyristors and silicon controlled rectifiers. 

[0032] First converter 34 and second converter 36 are configured to draw power 
from the charge stored in dc link capacitors 62, 64 and 66. Each converter includes 
three pairs of active switching devices 68 arranged as shown in Fig.3, Each switching 
device 68 comprises an active switch 70 and diode 72 coupled in parallel to the active 
switch. At any instant of time, one switching device of each pair is in a conducting 
state and while another switching device for the same output phase is in a non- 
conducting state. Thus, the switching devices switch altematively to generate an 
altemating output of a desired frequency, based upon the control signals appUed to the 
switching devices. In one embodiment, the active switch is implemented as insulated 
gate bipolar transistors (IGBT), insulated gate controlled thyristors (IGCTs), etc. 

[0033] The altemating output from the converters is provided to the normal 
winding 40 and the fault winding 42 of transformer 24. Normal winding 40 
comprises three phase windings, namely phase *a' represented by reference numeral 
74, phase *b' represented by reference numeral 76, phase 'c' represented by reference 
numeral 78. Similarly, fault winding 42 comprises three phase windings, namely 
phase *a* represented by reference numeral 80, phase 'b' represented by reference 
numeral 82, phase *c' represented by reference numeral 84. Similarly, secondary 
winding 52 comprises three phase windings, namely phase *a' represented by 
reference numeral 86, phase 'b' represented by reference numeral 88, phase 'c' 
represented by reference numeral 90. 
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[0034] Third converter 46 is implemented in a similar manner as first converter 34 
and second converter 36. When the first and second converters are operating in the 
normal mode, the third converter is coupled to the fault winding. Each pair of 
switching devices is coupled to a corresponding phase winding of the fault winding 
42 via switches 48. Third converter 46 is configured to sense a harmonic current in 
the normal winding and induce an equal current but of opposite polarity in the fault 
winding, thus effectively canceling the harmonic current at the transformer output. 

[0035] As noted above, third converter 46 is coupled to generator 14 via switch 48. 
Li the illustrated embodiment, the third converter is coupled to the generator to 
provide a torque for a controlled rotation of the prime-mover to specific angular 
positions during assembly of the wind turbine blades or during maintenance of the 
wind turbine. 

[0036] In another embodiment, the third converter is configured for providing 
power to a gas-turbine generation system for achieving a controlled start-up. When 
the generator gains a certain speed, the third converter is disconnected firom the 
machine terminals and the gas-turbine is fired to fiirther accelerate the generator to its 
rated speed. 

[0037] When the converter system is operating in a fault mode, the fault winding of 
the transformer is coupled to the normal winding via switch 44. In one embodiment, 
switch 44 comprises diodes 92 and a switching circuit 94. In the exemplary 
embodiment shown, switching circuit 94 is implemented in a manner similar to 
switching circuit 70, and comprises transistor 96 and diode 98. The operation of the 
converter system 22 and the transformer 24 during the fault mode is described in 
detail below. 

[0038] By way of example only, if the maximum voltage that can be supported by 
the transformer 24 is 0.5pu and the fault winding has same number of tums as the 
normal winding, then during a fault condition the converter system may have to 
support more than 0.5pu. If the normal winding and the fault winding are wound on 
the same phase of the transformer, the first converter 34 may have to support more 
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than 0.5pu. Because the converters can only support 0.5pu, the fault winding voltage 
is derived from a different phase and the primary winding is wound in a zigzag pattern. 

[0039] Fig. 4 is an illustration of an example transformer configuration that has a 
resultant line-to-neutral voltage of 0.5pu. The normal winding of the primary winding 
comprises three phases a, b and c represented by 74, 76 and 78 respectively. 
Similarly, the fault winding of the primary winding comprises three phases a, b and c 
represented by 80, 82 and 84 respectively. Similarly, the secondary winding has three 
phases a, b and c represented by 86, 88 and 90 respectively. 

[0040] The illustrated configuration allows the current from both the converters to 
be controlled independently at any phase. It should be noted that, due to the winding 
configuration, the currents reflected in the secondary would be the vector sum of the 
normal winding current in one phase and the fault winding current derived from 
another phase. 

[0041] Fig. 5 is a phasor diagram illustrating the various currents in the primary 
winding and the secondary winding of transformer 24. In the primary of the 
transformer, in phase *a', a phase displacement of 60^ represented by reference 
numeral 104, exists between current in first converter 34 as designated by reference 
numeral 100 and the current in converter 36, as designated by reference numeral 102. 
As a result, the current in the fault winding in phase *a', designated by reference 
nxmieral 106 is 1.732pu. In a balanced transformer, the fault winding current in phase 
'c' of the transformer, designated by reference numeral 108, will be leading the fault 
winding current in phase 'a' 106 by 120^, as designated by reference numeral 110. 
Thus, in the secondary, the phase 'a' current 112 is a vector sum of the normal 
winding current in phase 'a' 106 and the fault winding cvurent in phase 'c' and 108, 
which is equal to 2pu. 

[0042] The relative phase displacement of the voltage vectors is determined by 
active and reactive power requirements. As an example, the phase relation for a 
purely inductive load is shown. In the secondary of the transformer, the current in 
phase 'a' 112 lags the voltage in phase 'a' represented by 114, by 90^ , as designated 
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by reference numeral 118. In the primary winding of the transformer, the net output 
power is proportional to current 100, voltage 114 and angle 120, and current 106 and 
voltage 116 (voltage in phase 'b' of secondary) and angle 122. 

[0043] Fig. 6 is a flow chart illustrating one method for supplying power to a load. 
In step 124, power is applied to a transformer via a first converter and second 
converter. The first converter and the second converter are coupled together in series. 
The transformer comprises a primary winding and a secondary winding. The primary 
winding comprises a normal winding and a fault winding. In a further embodiment, 
the first and second converters are coupled to the normal winding. 

[0044] In step 126, an electrical parameter is sensed at the transformer, or in 
circuitry coupled to the transformer. Examples of electrical parameters include 
currents and voltages. In one embodiment, the electrical parameter is sensed across a 
secondary winding of the transformer. In another embodiment, the electrical 
parameter is sensed across a primary winding of the transformer. 

[0045] In step 128, a control signal is generated based on the sensed electrical 
parameter. In one embodiment, the control signal is generated by control circuitry. In 
step 130, the control signal is applied to a switching circuit configured to switch the 
first and second converter to an electrically parallel configuration. In a further 
embodiment, the switching circuit is configured for coupling the converters to the 
normal winding and the fault winding of the transformer. 

[0046] In step 132, harmonic current in the normal winding is sensed when the first 
and second converter are operating in the normal mode. The third converter is 
coupled to the fault winding and is configured to induce a current equal in magnitude 
to the harmonic current but of opposite phase. Thus the harmonic current is canceled 
and the output secondary current has minimum harmonics. In a further embodiment, 
the third converter is further coupled to generator to meet various application needs. 
In the illustrated embodiment, the third converter is coupled to the generator to 
provide a torque for a controlled rotation of the prime-mover to specific angular 
positions during assembly of the wind turbine blades or during maintenance of the 
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wind turbine. In another embodiment, the third converter is configured for providing 
power to a gas-turbine generation system for achieving a controlled start-up. When 
the generator gains a certain speed, the third converter is disconnected fi-om the 
machine terminals and the gas-turbine is fired to further accelerate the generator to its 
rated speed. 

[0047] The above described invention has many advantages including supplying 
the fault ciurent without exceeding the converter ratings, while reducing the need to 
over-design or over rate the circuitry. In addition, the cost of implementation of such 
a system is relatively low. The system provides high reliability for handhng fault 
currents, and also provides control of the current in the converters. The system also 
provides for filtering harmonic distortion in the primary winding of the transformer 
without substantially increasing the size and weight of the system by minimizing the 
need for passive filtering. The system additionally uses the same converter for 
filtering as well as providing a start current for the generator, thus reducing the overall 
size, weight and cost of the system. 

[0048] While only certain features of the invention have been illustrated and 
described herein, many modifications and changes will occur to those skilled in the 
art. It is, therefore, to be understood that the appended claims are intended to cover 
all such modifications and changes as fall within the true spirit of the invention. 
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